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INTRODUCTION
Land fragmentation (LF), in which a single farm uses several parcels of land, is a common feature in many countries (Blarel et al., 1992; Wan and Cheng, 2001; van Dijk, 2003) . This feature is expected to affect farms' production in a negative way due to several reasons. Some have to do with forage harvesting and are common to other agricultural practices: 1) fragmentation causes an increase in traveling time between fields which induces both lower labor productivity and higher transport costs for inputs and outputs; 2) said practice reduces the efficiency of machines in relation to that obtainable in large, rectangular fields (Buller and Bruning, 1979) ; and, 3) land is lost when forming plot boundaries and access routes. Other difficulties which are characteristic to dairy production arise if cows are left to graze and are related with the need to move cattle and milking machinery from one plot to another. However, in this study the negative effect of land fragmentation in milk production will be mostly due to reasons common to other agricultural productions, given that only a 15% of the farms in our sample left the cows to graze and the cows are always returned to the stable at the end of the day.
On the other hand, LF is also expected to have some positive aspects for farmers. Differences in elevation and soil type can be exploited by farmers. Crops at lower elevations mature before than those at higher elevations, plots with different soil types permit a farmer to produce a more diversified portfolio of crops; thus differences in elevation and soil type allow harvests to be synchronized with available family labor thus reducing requirements for hired labor. Additionally, LF is expected to reduce production risk associated with the influence of hail storms, floods or fire.
Since the influence of LF on agricultural production can be considered unclear, empirical studies are necessary to assess its effect. Most empirical studies conclude that fragmentation negatively impact agricultural production (Wan and Cheng, 2001; Rahman and Rahman, 2008) . However, other studies have not discovered a significant effect of LF on agricultural production (Wu et al., 2005) . Therefore, it seems that the effect of LF on agricultural production could depend on the characteristics of the production process analyzed. With regard to the effect of LF on dairy farming, McDowell (1981) indicated that "farm fragmentation is another inhibitor to smallholder participation in dairying. This restricts the practice of grazing and frequently results in low use of crop residues". Hence, LF is assumed to negatively affect milk production.
However, there appears to be no study that has analyzed this issue.
Our empirical analysis uses a sample containing management information for 144 dairy farms over a 9-yr period from 1999 to 2007. These farms are located in Asturias, a region in the NW of Spain, where dairy farming is the most important agricultural production. In 2007 milk production was responsible for 50% of agricultural production in Asturias (SADEI, 2009) . It is also important to note that land is highly fragmented in the region. The last Agrarian Census conducted in 1999 show that the average number of plots per farm is 12.5 (INE, 2010).
Land parcels combination to ameliorate land fragmentation problems is difficult for dairy farmers due to several factors. The first difficulty is associated with the necessary negotiation among a large number of farmers to interchange plots among each other. Secondly, any change in plot property or boundaries implies legal costs associated to changes in the Registry of the Property which are very expensive in Spain.
Finally, access routes are public property in Spain and cannot be changed by private citizens, said prohibition seriously limits the potential for land consolidation.
However, as policy makers assume that LF negatively affects agricultural production; two land consolidation mechanisms have been developed in the region. On the one hand, the Edict 80/1997 (Boletín Oficial del Principado de Asturias, 1997) establishes the conditions under which farmers can request that the public administration develop a land consolidation process. Thus, the administration decides reorganization of the land and this process avoids negotiations and legal costs and also allows the administration to change access routes to the new parcels. On the other hand, the administration itself can promote a local land consolidation process by communicating to the affected farmers that their parcels will be reorganized according The empirical effect of LF on agricultural production has been frequently analyzed by estimating production functions. Some studies have included a LF measure as an additional input in the production function estimation (Wan and Cheng, 2001; Wu et al., 2005) . Other studies have analyzed the effect of LF on agriculture using the stochastic production frontier (SPF) approach including some measure of LF as a determinant of the inefficiency component (i.e., the ratio between the actual production and the one attained by fully exploiting the technological potential). Specifically, Wadud and White (2000) and Rahman and Rahman (2008) analyzed the influence of LF on technical efficiency (TE) for rice farmers in Bangladesh. Carter and Estrin (2001) included a measure of LF in order to analyze the efficiency determinants in multiple crop farms in China. This study follows the latter approach that allows identifying the maximum output technologically attainable and the effect of LF is tested by measuring whether it generates losses in milk production in regard to the maximum potential one.
Consequently, the present study implements a SPF model to analyze the impact of LF in TE among Spanish dairy farms. The results showed that LF negatively affects milk production. To evaluate the impact of a land consolidation process we carried out a simulation. According to this simulation, reducing the number of plots of the average farm from fourteen to four allows for an increase in profits, on average, of 11.7%.
MATERIALS AND METHODS

Stochastic Frontier Model
To study the effect of LF on milk production we used a stochastic frontier model (SFM) proposed by Aigner et al. (1977) . A stochastic frontier production function may be written as:
where subscripts i and t denote, respectively, farm and time period, y represents the output quantity, x is a vector of inputs, f(x) represents technology, ε is a composed error term. Component v captures statistical noise and other stochastic shocks which enter into the definition of the frontier items such as weather, diseases, etc. and it is assumed to follow a normal distribution centered at zero. On the other hand, u is a non-negative term that reflects farm technical inefficiency (i.e., the proportion in which actual output can be augmented to reach the maximum technologically feasible one) and which is assumed to follow a truncated-normal distribution.
SFM can be used not only to estimate the frontier production parameters, but also to analyze the determinants of the inefficiency component. Early approaches to this technique estimated a SFM and subsequently the estimated efficiencies were regressed against some exogenous variables in a second-stage regression. However, there are serious econometric problems associated with this two-stage formulation. Wang and Schmidt (2002) demonstrate than if in the first step "the dependence of inefficiency on z is ignored, the estimated firm-level efficiencies are spuriously under-dispersed. As a result the second-step regression understates the effect of z on efficiency levels" (Wang and Schmidt, 2002; p. 130) . To avoid these problems several authors developed the so called one-stage models (e.g., Huang and Liu, 1994; Battese and Coelli, 1995; Caudill et al., 1995) in which the inefficiency effects are estimated simultaneously with the technological parameters. To accomplish the objective of analyzing the effect of LF on farm TE the Battese and Coelli (1995) model will be used. This model can be expressed as:
where z is a vector of farm-management variables that explain inefficiency, δ is a vector of parameters to be estimated and W is defined by a normal distribution truncated at -zδ with zero mean and variance σ u 2 . It is also assumed that v and u are independent. This model allows the efficiency distribution to depend on both kinds of variables: timeinvariant and time-variant for each firm, which is the case in the study at hand. The parameters of the stochastic frontier and the model for the technical inefficiency effects are simultaneously estimated by maximum likelihood.
The SFM depicted in equation [1] allowed measuring an index for TE, which is defined as the ratio of the observed output (y) and maximum feasible output (y*):
Because y is always lower than or equal to y*, the TE index is bounded between 0 and 1. TE achieves its upper bound when a dairy farm is producing the maximum technologically feasible output (i.e., y = y*), given the input quantities.
Empirical Model
In this study the production function is modeled using a flexible functional form.
This form is based on a second-order Taylor expansion which allows for a good approximation to the true, and unknown, production function (Chambers, 1988) . The translog functional form (Christensen et al., 1973) was chosen for this study. This functional form is frequently used to model dairy production (e.g., Alvarez and Arias, 2004; Lawson et al., 2004; Roibas and Alvarez, 2010) .
The dependent variable is the production of milk. Five inputs are considered:
labor, which includes family labor and hired labor and is measured in man-equivalent units, i.e., a full-time adult employee with 1,920 hours per year (40 hours per week for 48 weeks in a year); cows, defined as the number of adult cows in the herd;
concentrates, measured in kg; forage expenses, defined as forage purchases plus the costs of seeds, fertilizers, machinery, fuel and land and animal expenses, defined as livestock supplies, breeding and veterinary expenses. All the monetary variables are expressed in 2007 Euro (€). Additionally, time dummy variables were introduced to check for factors that affect all farms in the same way, but which may vary over time, such as weather variations and technical change (1999 is the base year).
The variables included as inefficiency determinants were a measure of LF and other variables related with farm practices and characteristics. LF can be measured in several ways; including the Simpson index (Simpson, 1949; used by Blarel et al., 1992 and Wu et al., 2005 ; among others), the number of plots (Wan and Cheng, 2001; Falco et al., 2010) and the average plot size (Nguyen et al., 1996; Wadud and White, 2000) .
The use of the Simpson index is not possible given that the data does not contain information about the plots surface (only the farm land surface and number of plots is known). Thus, in this study LF was measured by the number of plots. The square of the number of plots is also included because of the expectation that the influence of an additional plot diminishes with the total number of plots (i.e., the influence of an additional plot in milk production is expected to be different for a farm with 2 plots than for a farm with 25 plots).
Other variables included as inefficiency determinants were concentrates/cow (Hallam and Machado, 1996; Kompas and Che, 2006; Cabrera et al., 2010) ; land, defined as the total number of ha used on the farm; family labor (Cabrera et al., 2010) , the ratio of family labor to total labor; equipment per cow (Hallam and Machado, 1996) , equipment including, machinery amortization plus fuel and electricity expenses; owned land, the ratio of owned land to total land, which can be considered as a measure of land dispersion since owned land is expected to be closer to the farm than rented land; pasture (Cabrera et al., 2010) , a dummy variable equal to 1 for farms that left the cows to graze; housing (Cabrera et al., 2010) , a dummy variable equal to 1 for farms that use freestall housing; milking system (Cabrera et al., 2010) a dummy variable that takes on the value of 1 if the milking system is parlor and 0 if otherwise and to consider different weather and ground conditions a dummy variable, zone, which is equal to 1 for farms that are located in a coastal county, is included. Thus, the model to be estimated can be expressed as: Table 1 ). It is noteworthy to indicate that from what is observed on the database this is not a strong assumption. This selection process leads to an unbalanced panel that contains 1,130 observations. Table 2 provides a descriptive summary of the variables used in this study. The dairy farms in the sample are highly specialized with more than 90% of farm income coming from dairy sales. The average farm size in the sample is larger than the average Spanish farm (26 cows; Eurostat, 2010) but similar to the average farms in some of the main milk producers countries in Europe like France or Germany (40 cows; Eurostat, 2010) . Differences among farms are quite important as the standard deviation of milk production is 67% of the mean production. Finally, it is worth noting that land is highly fragmented since the average number of plots per farm is, roughly, fourteen.
In a preliminary analysis, the farms were classified into two groups depending on if the number of plots is smaller or greater than the sample median (11 plots).
Variable profits (milk sales minus feeding costs and animal expenses) per cow were calculated for each farm. Table 3 shows the average variable profits per cow for each group of farms in each sample period. In every year, except 2002, farms using less than 11 plots achieve larger variable profits per cow than farms using more than 11 plots. On average, farms using less than 11 plots earn 50 € more per cow than farms using more than 11 plots. However, this preliminary analysis does not allow us to conclude that the number of plots is the unique cause of the observed economic advantage of the first group. Other differences among the farms can also contribute to these differences in profits. The estimation of the empirical model proposed in equations [4] and [5] will permit the influence of land fragmentation on farms' profits to be isolated.
RESULTS AND DISCUSSION
Following a common practice when estimating a translog functional form (Cuesta, 2000; Alvarez et al., 2008; Moreira and Bravo-Ureta, 2010 ) the explanatory variables were divided by their geometric mean, so that the first order coefficients can be interpreted as output elasticities, i.e., the percentage change in production when the corresponding input increases by 1%, for a farm characterized by an input endowment equal to the sample geometric mean. Table 4 all the inputs increase in the same proportion then the milk production will increase in a slightly larger proportion. This result is in line with previous studies using a similar data set (see Alvarez and del Corral, 2010) .
With regard to the focus of this study, the results suggest that technical inefficiency increases with the number of plots (P<0.01) but this influence is attenuated with the number of plots given that the coefficient of quadratic term is negative (P<0.01). Moreover, concentrates/cow increases TE (P<0.01). The same outcome was also found in Cabrera et al. (2010) for Wisconsin dairy farms, in Hallam and Machado (1996) for Portuguese dairy farms and in Kompas and Che (2006) for Australian dairy farms. This result shows that intensive farms tend to be more efficient than extensive ones (Alvarez and del Corral, 2010) . Land and family labor have a positive coefficient (P<0.1) indicating that the more land and the greater the percentage of family labor, the less technically efficient the farm is. Cuesta (2000) found a negative elasticity of labor for Spanish dairy farms and argues: "farms in the sample are family run farms and the labor variable could be reflecting a disguised unemployment problem". It is clear that this problem is not associated to farms using hired labor, but farms using only family labor can, at least partially, continue suffering from this problem. As was expected, TE increases with the ratio of owned land showing that the closer the parcels are to the farm the more technically efficient it is (P<0.05). The coefficient of the zone variable is positive (P<0.01) which means that conditions for dairy farming are better in the interior that in the coast. Freestall farms were found to be more efficient than nonfreestall farms. On the other hand, parlor farms were found less efficient than stanchion farms (P<0.05). In our sample most freestall farms (over 90%) use a parlor milking system and most of non-freestall farms use a stanchion milking system, however, according to our results, the most efficient farms are freestall farms using a stanchion milking system. Lastly, the variables equipment/cow and pasture were found nonsignificant. Related to pasture a similar result was found in Cabrera et al. (2010) .
In order to evaluate the influence of LF on milk production, a simulation analysis was carried out. The expected TE score is calculated for the average farm, which corresponds to the average values on inputs and efficiency determinants on Table   2 (for efficiency determinants defined as dummy variables we choose the most efficient configuration, i.e. a freestall farm that uses a stanchion milking system and that is placed into the interior zone of Asturias), depending on the number of plots. u it expectation is calculated using the following expression (Stevenson, 1980) : where φ represents the standard normal density function and Φ is the standard normal distribution function. Figure 1 represents the expected TE score for the average farm for a quantity of plots between 4 and 22 (which roughly correspond to adding and subtracting one standard deviation to the sample average). A proportional reduction in the number of plots similar to that achieved by the land consolidation process carried out in Asturias implies a reduction in the number of plots from 14, which roughly correspond to the sample average, to 4. This reduction in the number of plots implies an increase in the expected TE index for the average farm from 89.6% to 93.3 % (see Bravo-Ureta et al., 2007;  for technical efficiency in dairy farming studies).
To evaluate the economic impact of an increase in TE based on a reduction in the number of plots, the "variable profits" attained are simulated for the average farm during the sample period. Variable profits are defined by the difference between the income generated by selling milk and the "variable costs" including animal expenses and feeding costs (forage expenses plus concentrates cost). Income due to milk sales are calculated using the average milk price on the sample for each year. The expected output is calculated by plugging the input endowment corresponding to the average farm on the estimated function. To calculate concentrates cost, the average sample concentrates price by year is used. Table 5 shows yearly milk and concentrates prices expressed in 2007 Euro per liter and 2007 Euro per kilogram, respectively. Therefore, yearly differences in profits are caused by differences in milk and concentrates prices and on yearly productivity differences associated to time dummies. Differences in profits due to number of plots are only associated to changes in TE. Table 6 shows the variable profits simulation. Table 7 shows the percentage variable profit increase due to a reduction in the number of plots from 14 to 4. Therefore, a reduction in the number of plots similar to the one carried out by the consolidation process in Asturias allows for, on average, an 11.7% increase in profits. The minimum increase (9.4%) corresponds to the more profitable year 2001. On the other hand, the maximum increase takes place in 2006 (14%) which is the least profitable year. Therefore, the proportional impact of LF increases with low values of milk prices. Thus, as milk prices are expected to remain in low values, the relative impact of LF is also expected to be greater in the future.
CONCLUSIONS
LF is expected to have both, positive and negative effects on agricultural production. Thus, the net effect of LF on milk production has to be empirically established. This objective is accomplished by using a sample of Spanish dairy farms located in a region where dairy farming is responsible for 50% of the total agricultural production, which is characterized by a high degree of LF and where a land consolidation process is being carried out.
A SPF approach was used to assess the influence of LF on milk production. The results show that LF has, as expected, a significant negative influence on farmers' TE.
According to the estimation, reducing the number of plots of the average farm from fourteen to four allows for an increase in profits, on average, of an 11.7%. It is worth noting that the impact of this reduction in the number of plots increases when milk price is low. Thus, the analysis carried out in this study shows that a land consolidation policy could be a useful tool to improve farmers' profitability, especially in a situation where milk prices are expected to remain low in the future. 3 Free stall housing=1 4 Parlor=1 *P < 0.10; **P < 0.05; ***P < 0.01 
